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Abstract
· AIM:TocomparetheaccuracyofIOPenrebound
tonometerwithGoldmannapplanationtonometer(GAT)
inindividualswithlow,normalandhighintraocular
pressure (IOP)andtoevaluatetheeffectofcentral
cornealthickness(CCT)onIOPmeasurements.
·METHODS:Thiscross-sectionalstudyconsistedof
159participants.IOPofoneeyeofeachsubjectwas
measuredconsecutivelywithIOPenandGAT.ThenCCT
wasmeasuredusinganultrasonicpachymeter.Basedon
GATIOPreadings,participantsweredividedintolow,
normal and high IOP groups. Correlation between
tonometersandCCTwascalculatedbyspearman's
correlationcoefficient.Agreementbetweentonometers
wasevaluatedusingBland-Altmanmethod.
·RESULTS:Non-significantunderestimationofIOPby
IOPenwasobservedinlowIOPgroup(Meandifference:
0.20mmHg; =0.454)andalsoinnormalIOPgroup(Mean
difference: 0.56mmHg; =0.065). However, IOPen
significantlyoverestimatedIOPinhighIOPgroup(Mean
difference:1.06mmHg; =0.038).The95%limitsof
agreement (LoA)widthbetweenIOPenandGATIOPs
were7.84,8.57and14.27mmHginlow,normalandhigh
IOPgroups,respectively.LowIOPgrouphadthinner
corneascomparedtohighIOPgroup ( =0.034).IOP
measurementstakenbyIOPenwerenotinfluencedby
CCT(=0.099)whilepoorcorrelationbetweenCCTand
GATwasfound (R=0.17, =0.032).Usingreceiver
operatingcharacteristic (ROC)curve,cutoffvalueof
18.75mmHgwasdeterminedforIOPenwithsensitivityof
98.1andspecificityof97.2%.
·CONCLUSION:AccuracyofIOPeniscomparableto
GATinpatientswithlowornormalIOPbutIOPen
overestimatesIOPathighIOPlevels.CCTdoesnotaffect
IOPreadingswithIOPen.
· KEYWORDS: reboundtonometry;IOPen;Goldmann
applanationtonometry;intraocularpressure
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INTRODUCTION
M
easurementofintraocularpressure(IOP)isoneofthe
mostimportantpartsofocularexaminationespecially
inpatientsatriskofglaucoma.Althoughmanometryisthe
mostaccuratemethodforIOPmeasurement,itisnotusedin
routinepracticebecauseofitsinvasivenature
[1,2].
ThecurrentgoldstandardforIOPmeasurementisthe
Goldmannapplanationtonometer(GAT),againstwhichother
methodsofIOPmeasurementarecompared
[1].
Severalfactorsincludingexaminer'sexperience,central
cornealthickness(CCT),cornealscaroredema,corneal
biomechanics,amountoffluorescein,andblinkingcanaffect
theaccuracyofIOPmeasurementwithGAT
[3-6].
DisadvantagesofGATincludetheuseoftopicalanesthesia
anddirectcontactwiththecorneawhichincreasestheriskof
cornealinfectionandinjury
[7,8].
OthermethodsformeasurementofIOPincludeTono-Pen,
ocularbloodflowtonograph,ocularresponseanalyzerand
non-contacttonometers.Sincethesemethodsarebasedon
applanationtechniqueforIOPmeasurements,theyare
subjecttomeasurementerrorsduetotheeffectofcorneal
thicknessonIOPmeasurement
[9,10].
Duringtherecentyears,researchershaveshowninterestin
lessinvasivemethodsforIOPmeasurementunaffectedby
cornealthickness
[11].
Dynamictonometryalsocalledimpactorreboundtonometry
(RBT)measuresIOPbydetectingthedecelerationofa
magnetizedprobewithadisposabletipwhenitbouncesoff
thecornea.Avoltageproportionaltotheprobespeedis
generated.Theinstrumentisheldatadistanceof5mm-9mm
fromtheeye.Thisinstrumentisportable,easy-to-use,needs
notopicalanesthesiawithminimalriskofinfectionand
ocularinjuryandmaybeusedforhometonometry
[12-16].
637Table 1  Comparison of measured IOP by GAT and IOPen in study groups 
Group  Age (a)  Mean GAT 
(mmHg) 
Mean RBT 
(mmHg) 
Mean difference RBT-GAT 
(mmHg)  95%CI of difference  P 
Low IOP  40.6±20.5  5.42±2.52  5.21±2.66  -0.20±2.00  -0.75~0.34  0.454 
Normal IOP  43.1±16.2  14.71±2.50  14.15±2.99  -0.56±2.18  -1.16~0.03  0.065 
High IOP  47.8±16.5  33.03±6.49  34.10±8.46  +1.06±3.63  0.06~2.06  0.038 
IOP: Intraocular pressure; GAT: Goldmann applanation tonometry; RBT: Rebound tonometry; CI: Confidence interval. 
PreviousstudiescomparingICarereboundtonometerwith
applanationtonometerhaveshowndifferentresults
[17-21].
IOPenisanewreboundtonometer,theaccuracyofwhich
hasbeenlessinvestigated
[22,23].
Asanewinstrument,theaccuracyofIOPenmustbe
comparedwithGATasthecurrentstandard,sothisstudy
wasconductedtocomparetheaccuracyofIOPenwithGAT
atdifferentlevelsofIOPincludinglow,normalandhigh
IOPs.
SUBJECTSANDMETHODS
Thiscross-sectionalstudywasperformedattheDepartment
ofOphthalmology,ImamKhomeiniHospital,Ahvaz,Iran.
ThestudywasapprovedbytheEthicsCommitteeofAhvaz
JundishapurUniversityofMedicalSciencesandadheresto
thetenetsofDeclarationofHelsinki.
Subjects Inclusioncriteriaincludedmentalandphysical
healthandwillingnessforparticipationinthestudy.Patients
withahistoryofsystemicdiseases,eyetrauma,corneal
abrasion,cornealorocularsurgeryexceptfortrabeculectomy
(forlowIOPgroup),cornealastigmatism(1D,anduseofany
ocularmedicationexceptforantiglaucomadrugsinglaucoma
patientswereexcludedfromthestudy.
Methods Overall,159participantswererecruitedfrom
patientsofglaucomaclinicandtheirhealthyrelativeswho
metinclusioncriteria.Theywereputinthreeequalgroups
eachconsistingof53patientsbasedonGAT.IOPreadings
included:group1withlowIOP(<10mmHg);group2with
normalIOP( 逸 10mmHgto<21mmHg);andgroup3with
highIOP( 逸 21mmHg).
Afterthoroughlyexplainingthestudydesignandits
objectives,informedconsentswereobtainedfromallthe
participants.Allindividualsunderwentcompleteophthalmic
examinationincludingrefraction,slit-lampbiomicroscopy
andfundusexamination.Onlyoneeyeofeachsubjectwho
mettheabove-mentionedcriteriawasconsideredforthe
study,otherwisethelefteyewaschosen.
IOPwasmeasuredtwicebyasingleophthalmologistusing
reboundtonometer(IOPen,MedicelAG,Wolfhalden,
Switzerland)andthemeanofthetworeadingswereusedfor
statisticalanalysis.Topicalanesthesiawasnotnecessary.
IOPensoftwareisprogrammedforsixmeasurements.After
thesixthmeasurement,theletterPappearsonthemonitorof
thedeviceandtheIOPvalueisread.Thesoftwaredeletesthe
highestandlowestIOPreadingsautomaticallyandcalculates
themeanofthemeasuredIOPs.Measurementqualityisrated
onascalerangingfrom0(bestquality)to5(worstquality).
Onlyhighqualitymeasurements(0to3)wererecorded.
FiveminutesafterIOPmeasurementwithIOPen,IOPwas
re-measuredusingcalibratedGAT(Haag-Streit,Bern,
Switzerland)byanotherophthalmologistmaskedtothe
IOPenreadings.ForeachpatientIOPwasmeasuredtwo
timesbyGATandthemeanofthetwomeasurementswas
usedforfurtheranalysis.
Thencentralcornealthicknessoftheeyewasmeasuredwith
ultrasonicpachymetry(PachymeterSP-3000,Tomey,Nagoya,
Japan).
StatisticalAnalysis Statisticalanalysiswasperformedusing
SPSSsoftware(version17,SPSSInc,Chicago,IL,USA).
Mean依standarddeviation(SD)and95%confidenceinterval
(CI)wereusedtodescribethedata.Spearman'scorrelation
coefficientwasusedtoevaluatethecorrelationbetweenIOP
takenbyGATorIOPenandCCT.Theagreementofthe
obtainedIOPvaluesbythetwotonometerswasevaluated
usingBland-Altmanmethod.The95%limitsofagreement
(LoA)werealsocalculated.ConsideringIOPof21mmHgas
thenormalcutoffvalueforGAT,areceiveroperating
Characteristic(ROC)curvewasconstructedtodeterminethe
cutoffpointforIOPenandtheareaundertheROCcurve
(AUC)wascalculated. valueslessthan0.05were
consideredassignificant.
RESULTS
Overall,159eyesof159participantsincluding79menand
80womenaged43.8依18.03yearswereenrolledinthisstudy.
Thegroupswerematchedintermsofage( =0.11,One-way
ANOVA).Table1summarizestheresultsoftonometryby
GATandIOPeninthestudygroups.
IOPmeasuredwithIOPenwasslightlylowerthanGAT
readingsingroups1and2(withlowandnormalIOPs),
however,thedifferenceswerenotstatisticallysignificant.In
highIOPgroup,IOPenoverestimatedIOPcomparedtoGAT
( =0.038).
Figures1andTable2showtheBland-Altmananalysisand
95%LoAsinthestudygroups.The95%LoAwidthbetween
theIOPenandGATIOPswas7.84mmHginlowIOPgroup;
8.57mmHginnormalIOPgroupand14.27mmHginhigh
IOPgroup.
Meancornealthicknesswascomparedamongthegroups
usingOne-wayANOVA(=0.032)andTukeytest.Low
IOPgrouphadsignificantlythinnercorneascomparedtohigh
IOPgroup(529 550滋,respectively; =0.034).
CorrelationbetweenIOPmeasurementswithIOPenandCCT
was notstatisticallysignificant(Spearmancorrelation
IOPenreboundtonometer
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Figure1AgreementbetweenIOPenandGATusingtheBland-Altmanmethod,plottingthemeansagainstthedifferences
betweenIOPenandGATIOPs(mmHg) A:LowIOPgroup;B:NormalIOPgroup;C:HighIOPgroup.
coefficient0.13, =0.099).Aweakcorrelationwasfound
betweenGATreadingsandCCT(Spearmancorrelation
coefficient0.17, =0.032).
ROCcurvewasconstructedforIOPmeasurementsbyIOPen.
AUCwascalculated0.999(95%CI:0.996-1.000).IOPof
18.75wasdeterminedascutoffvalueforIOPenwitha
sensitivityof98.1%(95%CI:91-99.9)andspecificityof
97.2%(95%CI:92.5-99.3).Atthiscutoffpoint,RBThada
positivepredictivevalueof94.5%(95%CI:85.9-98.6)anda
negativepredictivevalueof99% (95%CI:95.4-1.000).
TakinghigherIOPvaluesasthresholdresultedinlower
sensitivity.
DISCUSSION
Thisstudyshowedthat IOPreadingwithIOPenis
comparabletoGAT.IOPenslightlyunderestimatedIOPat
lowand normal IOPlevelscomparedtoGATand
overestimatedIOPathighIOPlevels.CCTdoesnotaffect
IOPreadingsbyIOPen.
GATiscurrentlythegoldstandardforIOPmeasurementbut
aneasy-to-useandaccuratealternativemethodfor
measurementofIOPseemsnecessaryindailypractice,
becauseseveralcornealparameters,especiallyCCT,affect
theaccuracyofGAT
[1,11].
Intheliteraturethereareafewstudiesevaluatingthe
accuracyofIOPen
[22-25].
Moreno-Monta觡佴s
[22] reportedthatIOPenmeasuresIOP
about3mmHglowerthanGAT,however,intheirstudythe
twoinstrumentswerenotcomparedatdifferentIOPlevels.
Basedontheirstudy,CCTdoesnotaffectIOPmeasurements
takenbyIOPen.
Similarly,inourstudy,IOPennon-significantly
underestimatedIOPcomparedtoGATinlowandnormal
IOPsandIOPreadingswerenotaffectedbyCCT.Although
thedifferencebetweenIOPsobtainedbyIOPenandGATat
highIOPlevels (34.10依8.46mmHg 33.03依6.49mmHg,
respectively)wasstatisticallysignificant,itseemsnottobe
clinicallysignificant.
TheseresultsareincontrasttoJorge
[24] studywho
reportedstatisticallysignificantunderestimationbyIOPen誖
tonometercomparedwithGATtonometeringlaucomatous
population( <0.001);meandifferenceswere-4.81依4.31and
-4.76依5.76mmHgfortherighteyeandlefteye,respectively.
Recently,Dahlmann-Noor
[25] reportedsignificant
overestimationofIOPbyRBTcomparedtoGATinchildren
withglaucomawhichisinagreementwithourresults.
SeveralotherstudieshaveusedICare (olderrebound
tonometryinstrument)withdifferentresults.Fernandes
[19]reportedthatICareishelpfulasascreeningtoolwhen
GATisnotavailablebutoverestimatesIOPabout1.34mmHg
( <0.05)comparedtoGAT.IntheirstudymeanGATIOP
was13.42依2.33andmeanICareIOPwas14.76依2.53.
Garcia-Resua
[18] showedthatICaresignificantly
overestimatesIOP(3.35mmHg)comparedtoPerkins
applanationtonometry.InanotherstudybyLevia
[20] in
dogs,ICareunderestimatedIOP(1.90mmHg)comparedto
TonopenXLapplanationtonometer.
Sahin
[17] reportedthatICarereboundtonometry
overestimatesIOPcomparedwithGATinglaucomapatients
butstillisareliable,usefulandeasy-to-usemethodwhen
GATisnotapplicableandinchildrenanddisabledpatients.
IntheirstudymeanIOPwithRBTandGATwere18.70and
18.27,respectivelyandthedifferencewasnotstatistically
significant.However,CCTshowedgreateffectonRBT
readings.AnotherstudybyMartinez-de-la-Casa
[5]
showedthatinpatientswithhighIOP,ICarerebound
tonometeroverestimatesIOP
[5].Brusini
[21] foundthat
Table 2  Bland-Altman analysis of IOP measurements in the study groups using GAT and IOPen ( s x – , 95% LoAs) 
95% LoA 
Group  RBT-GAT IOPs 
(mmHg)  Lower LoA 
(mmHg) 
Upper LoA 
(mmHg) 
Width of LoA 
(mmHg) 
CCT (µ) 
Low IOP  -0.20±2.00  -4.13  3.71  7.84  529±41 
Normal IOP  -0.56±2.18  -4.85  3.72  8.57  546±46 
High IOP  +1.06±3.63  -6.07  8.20  14.27  550±43 
IOP: Intraocular pressure; LoA: Limits of agreement; GAT: Goldmann applanation tonometer; RBT: Rebound tonometer; 
CCT: Central corneal thickness. 
639IOPmeasurementswithICareandGATinglaucoma
patients,areinquiteagreementbutaffectedbyCCT.Ina
recentreview,ElMallahandAsrani
[11] concludedthatIOP
obtainedbyRBTiswellcorrelatedwithGAT.Jorge
[23]
comparedIOPenandICareRBTswithGATinnormal
individualsandobservedsignificantunderestimationofIOP
byIOPencomparedtoGATandICare(2.94mmHgand
3.20mmHg,respectively).
Inthecurrentstudy,the95%LoAwidthofdifferences
betweenIOPenandGATIOPswere7.84,8.57and14.27
mmHginlow,normalandhighIOPgroups,respectively.
ThisshowsahigherdegreeofagreementbetweenIOP
measurementsbyIOPenandGATinlowandnormalIOPs
thaninhighIOPs.InMoreno-MontanesstudywithIOPenin
normalIOPs,the95%LoAwidthwas13.92and15.99
[22].
ROCcurvewascreatedtofindthebestcutoffvalueforIOP
measurementsbyIOPentoseparatenormalandhighIOPs
withthe highestsensitivityandspecificity.IOPof
18.75mmHgwasdeterminedasthethresholdvaluewitha
sensitivityof98.1%andspecificityof97.2%.LargeAUC
indicateshighaccuracyofRBT( .sensitivityandspecificity).
Reboundtonometersareanewgenerationoftonometersthat
arecomparabletoGATwithpromisingresultsforuseasan
alternativeforGATwhenitisnotavailableandalsofor
hometonometry.
IOPenhassomeadvantagesoverICareinthatitcanbeused
attheslitlampandisnotaffectedbyCCT.ItmeasuresIOP
perpendiculartothecenterofthecorneatoavoidincorrect
rebound.IfIOPenisnotperpendiculartothecornea,ared
lightisreflectedinthecorneaandtheIOPcannotbe
measured
[1].AmajordisadvantageofIOPenisthatitcannot
beusedinsupineposition.
Ourstudyshowedthattheaccuracyofreboundtonometry
withIOPeniscomparablewithGATinpatientswithlowor
normalIOPbutitoverestimatesIOPathighIOPs.Further
studiestocompareRBTswithothertonometersandtaking
intoconsiderationcornealpropertiesotherthanCCTwill
betterelucidatetheirpotentialforuseinourdailypractice.
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